[ I2 5 } 


X. Experiments on the cooling of Water below its freezing 
Point. By Charles Blagden, M. D. Sec. R. S. and F. A. S. 


Read January 31, 1788. 

W HEN the experiments for determining the degree of 
cold at which quickfilver becomes folid, related in the 
Philofophical Tranfadtions for 1783, were under confideration, 
no difficulty occurred in explaining the phenomena that had 
been obferved, except in the few inftances where the mercury 
in thp thermometer congealed, whilff it was furrounded with 
fome of the fame metal in a fluid flate. The well-known pro¬ 
perty of water, that under different circumffances it will bear 
to be cooled feverai degrees below its freezing point without 
congealing, afforded from analogy the moft probable folution 
of this difficulty; but as neither the caule of that property 
had been inveftigated, nor the circumffances by which it is 
modified had been afcertained, 1 was led to attempt fome expe- 
ments on the fubjedt; not only in hopes of elucidating the 
above-mentioned phaenomenon of the quickfilver, but alfo 
becaufe this very quality in water was itfelf a curious fubjedt of 
refearch. 

I began with endeavouring to determine, whether this pro¬ 
perty belongs to it as pure water, or depends upon extraneous 
admixtures. For that purpofe I poured fome clean diftilled 
water into a common tumbler glafs, till it reached two or 
three inches above the bottom, and then fet the glafs in a 
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frigorific mixture, made with fnow and common fait. This 
Was the method 1 ufed in moft of the following experiments, 
fometimes employing ice inftead of fnow, fubftituting a glafs 
jar or cylinder inftead of a tumbler, and filling the veffel to a 
greater or lefs height above the bottom. I found that, in the 
frigoric mixture, the diftilled water readily funk many degrees 
below 32 0 , ftill continuing fluid ; and by repeating the experi¬ 
ment with Care, I ,J feveral times cooled it to 24% 23 0 !, and 
even almoft to 23 0 . The temperature was afcertained by means 
of a fmall thermometer with a Aiding fcale; and though the 
water was not of the fame degree of cold throughout, yet the 
difference, when the experiment had been well conducted, was 
not confiderable ; and I was particularly careful that the ther¬ 
mometer fhould not touch the fides or bottom of the glafs, fo 
as to be affe&ed immediately by the cold of the mixture. 
From thefe experiments therefore it feemed evident, that the 
property of being cooled below the freezing point did not de¬ 
pend on extraneous admixture, efpeciallv as I found, by com¬ 
parative trials, that common pump-water would fcarcely ever 
bear to be cooled fo much. An ambiguity, however, ftill 
remained, on account of the air which is always mixed with 
water that has lain expofed to the atmofphere. In order to 
determine what might be afcribed to this circumftance, I put 
fome of the fame diftilled water over the fire to boil, in a clean 
filver veffel, and kept it in violent ebullition for a confiderable 
time. In a few minutes after it had been taken off the fire, 
and before it was nearly cold, I fet it in the frigorific mixture 
after the ufual manner; when, inftead of freezing more rea¬ 
dily, it bore to be cooled two degrees lower than I had ever been 
able to reduce the unboiled water, not congealing till the ther¬ 
mometer in it had funk to 21 0 . Subfequent experiments were 
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attended with a fimilar refult, and have fufficiently convinced 
me, that, other things equal, boiled water may be cooled a 
greater number of degrees below the freezing point, without 
congealing, than water which, not having undergone that 
operation, retains the air it naturally imbibes. 

As a further proof that the prefence of an aerial fluid in 
water rather leffens than increafes its quality of being cooled 
below the freezing point, I found that diftilled water, which 
had been for that purpofe impregnated with fixed air, generally 
(hot into ice at a lefs degree of cold than the fame water in its 
ordinary ftate. I fufpedt, however, that it is ufually by the 
admixture of other aerial fubftances, fuch as dephlogifticated 
air, phlogifticated air, or perhaps both, and not of ,fixed air, 
that water is inclined to congeal foon after it has palled the 
freezing point; for, as will be feen hereafter, acids rather im¬ 
prove than diminilh the quality in water of refilling conge¬ 
lation. 

To determine the effeCt of other extraneous fubftances, I 
took fome very hard pump-water, fuch as is found in the 
northern parts of London, and fet it in the frigorific mixture. 
In general it congealed fooner by one or two degrees than un¬ 
boiled diftilled water; that is, at 25? or 24 0 of the thermo¬ 
meter; and as there was fome variation in this refpeCt, I was 
led to remark, that the greateft cooling ufually took place when 
the water was moft clear and tranfparent. With a view to this 
circumftance I took fome New-River water, which happened 
at that time to be confiderably turbid, and tried it in the frigo¬ 
rific mixture; when I found, very unexpectedly, that it was 
not in my power to cool any of it below the freezing point ; 
a cruft of ice always forming round the fides and at the bottom 
of the vellel, whilft the thermometer, fufpended about the 
2, middle- 
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middle of the water, was two or three degrees above 32°. To 
try how far this depended on the foulnefs of the water, I col¬ 
lected fome of the muddy fediment which had been depofited 
from the New-River water, and added it to the pump-water, 
which had before born to be cooled to 24 0 or 25% fo as to 
render it turbid; when it congealed^ in the fame manner as 
the New-River water had done, before the thermometer in the 
middle of it came to the freezing point. It mud not however 
be imagined, that water thus made turbid is incapable of being 
cooled below 32 0 , without freezing : I have fince repeated the 
experiments, with more caution in conducing them, and re¬ 
duced it two or three degrees below the point of congelation. 
But Hill they have all confirmed the general faff, that fubftances 
which lefl'en the tranfparency of water, render it at the 
fame time much more difficult to be cooled below the freezing 
point, and difpofe it to ffioot into ice more readily, after it 
has palled that point, than pure water would do. It feems to 
be of little confequence what the fubftance is that renders the 
water turbid : fmall particles of any kind floating through 
it, I believe, have this effedt, which does not take place, or at 
leaf! to the fame degree, when the extraneous fubftance has 
fubfided to the bottom. 

It is this circumftance, I fuppofe, which gave rife to the 
opinion, that boiled wafer freezes fooner than unboiled : for if 
the water contain calcareous earth, held in folution by means 
of fixed air, as is the cafe with moll kinds of fpring-water, 
this will be precipitated by the boiling, and will fenfibly trou¬ 
ble the tranfparency of the water; which, if expofed to the 
cold in that Hate, will be liable to freeze fooner than the fame 
kind of water unboiled and tranfparent *. 

See Phi’of )phical Tranfa&ion-s, Vol. LXV, p, 124* 


The 



cooling of IVater below its freezing Point. 1 29 

The effeft of this want of tranfparency was very different 
from that of chemical mixture, as appeared by fubfequent 
experiments. 

Though the property of being cooled below the freezing point 
appeared to belong effentially to water in its pure ftate, it was pro¬ 
bable that it would be in fome meafure altered or modified by 
the various fubftances which are capable of being diffolved in, 
or chemically combining with, the water. But here a further 
circumftance came to be confidered, It is well known, that 
fuch fubftances, uniting with water, have a power of lower* 
ing its point of congelation a greater or lefs number of de¬ 
grees, according to the nature and quantity of the fubftance 
employed. The firft object, therefore, was to determine in what 
manner the property of bearing to be cooled would be affedted 
with regard to that new point of congelation. For this pur- 
pofe I made many experiments with feveral different fubftances, 
which it would be too long to relate in detail, but the princi¬ 
pal were as follows. 

Having diflolved in diftilled water as much common fait as 
lowered its freezing point to 28°, I cooled it to i8°| before it 
congealed. Another folution of the fame l'alt, whofe freezing 
point was 16 0 , bore to be cooled to 9 0 ; and a ftronger folution, 
whofe freezing point w r as 13°!, cooled to 5 0 before it fhot. A 
folution of nitre, whofe freezing point was 27 0 , cooled to 16% 
that is, eleven degrees below its new freezing point; a folu¬ 
tion of fal ammoniac, whofe freezing point was 12 0 , cooled 
to 3°; and one of Rochelle fait, freezing point 27°!, fuffered 
the thermometer to fink in it to 16° before it froze; a cooling 
equal to the greateft I ever obtained with the pureft diftilled 
water boiled. A folution of green vitriol, whofe freezing 
point was near 30% cooled below 19?:'and, .of falts with an 
* Vol. LXXV 1 I 1 . S earthy 
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earthy balls, a folution of the common bitter purging fait* 

whofe freezing point was at 25°!, bore to be cooled to 19 0 . 

Acids, as I have already had occafion to remark, rather 
augment this quality of being cooled below the freezing point. 
A combination of nitrous acid with diftilled water, in fuch 
proportions that the new freezing point was between 18 0 and 
19 0 , funk down to 6° before it congealed ; which being fully 
12 degrees of cooling, is greater than I have been able to. 
produce with pure water. Another mixture of the fame kind, 
fo ftrong as to have its freezing point about ii°, cooled down 
to i°. A mixture of vitriolic acid and diftilled water, whofe 
freezing point was 24°!, cooled to 14®; and one with the acid 
of fait, having its freezing point at 25°, funk to 16 0 before 
it froze. It is here to be obferved, that thefe acid mixtures 
were rather remarkable for the fteadinefs with which they 
bore to be cooled, and the little tendency they Ihewed to Ihoot 
before they were funk much below the freezing point, than 
for exceeding the number of degrees which pure water might 
be cooled. Of the alkalies, a folution of tartar, whofe freez¬ 
ing point was 25°!, cooled to 18°; and another, with the 
freezing point at 15 0 , funk to 8°. A folution of cryftallifed 
foda, freezing point 30°, cooled to 21 0 ; and a folution of 
mild volatile alkali, freezing point 19 0 , to xi°. A mixture 
of rectified fpirit of wine and water, whofe freezing point 
was i2°, cooled to 5 0 ; and another, with the freezing point 
at 8°|, to 2®. 

All thefe fa£ts, with many others of the fame nature which 
I obferved, lufficiently fhew, that foreign fubftances, chemi¬ 
cally combined with or diffolved in water, do not take away 
its property of being cooled below its point of congelation ; 
though, by depreffing that point, they alter the degree of cold 
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at which the property commences. The experiments (hew, 
that in fome cafes the mixed water bore to be cooled as much 
below its new freezing point, as pure water below 3 z°; and 
with regard to the others, I think the variation was no greater 
than ufually takes place with different portions of common 
water. Scarcely any, perhaps none, of the above-mentioned 
points, were abfolutely the lowed: to which the folutions or 
mixtures could have been reduced, if the experiment had been 
conducted dill more dowly and cautioudy. But however much 
they might all podibly have born to be cooled, a great dif¬ 
ference occurred among them in the eafe with which the ope¬ 
ration fucceeded. For indance, the folutions of nitre, and of 
Rochelle fait, would hardly ever fhoot till they were cooled 
many degrees below their refpedtive freezing points, however 
negligently the operation was conduced; whereas thofe of 
common fait, fait of tartar, and fome others, required con- 
dan t attention to keep them from freezing, as foon as they 
were got four or five degrees below the point of congelation. 
Their difference in this refpe£t may depend in part upon fome- 
thing unknown in the nature of each particular fait; but 
there was one circumdance to be didintfly traced, correfpond- 
ing to what had been obferved with pure water; namely, that 
the mod tranfparent, mod limpid folutions, were thofe which 
admitted of being cooled with the greated eafe and certainty. 
The fame obfervation holds good with regard to the mixtures 
thus the rectified fpirit I employed affirmed fomething of an 
opaline tinge upon being mixed with the water (from the fepa- 
ation of an oil it contained) and the compofition bore to be 
cooled but ill, though a film of oil, regularly fpread on its fur- 
face, would rather have retarded the freezing; and the acid mix¬ 
tures, which cooled fo remarkably well, druck the eye parti- 
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cularly on account of their very perfect and uniform tranfpa- 
rency. In this laft cafe, perhaps, another circumftance might 
contribute to the eafy cooling, that the acids, by combining 
with the water, feemed to expel the air it contained more per¬ 
fectly than mo ft other fubftances, as appeared from the innu¬ 
merable fmall bubbles that were almoft immediately formed. 

Want of tranfparency, however, is only one among feveral 
caufes which impair the property water naturally poflefles, of 
bearing to be cooled many degrees below its freezing point. 
M. Mairan, in his elaborate Treatife upon Ice, having occa- 
lion to examine this fubjeft, was led by his experiments to 
conclude, that the cooling of water below its freezing point 
depends upon reft, and that agitation is the general caufe by 
which it is brought to fhoot into ice. In this opinion he has 
been almoft implicitly followed by all the writers I have feen, 
excepting only Profeflor Wilcke, of Stockholm *. To bring 
it to the tell of experiment, I fet in the frigoribc mixture feme 
diftilled water, which by boiling had been rendered capable of 
fuftaining a cold of 2 T before it froze. When this water was 
cooled to 22 0 , I agitated it, by moving the tumbler, by fhakr 
ing a quill in it, and by blowing on it fo as to ruffle the fur- 
face ; but it fupported. all thefe trials without congealing, and 
did not, fhoot till a minute or two afterwards, when by conti¬ 
nuance in the frigorific mixture it was cooled down to 2L°. 
In other experiments, however, all the above-mentioned kinds 
of agitation made fimilar water inftantly congeal, even when 
pot cooled fo low by feveral degrees. The congelation, there¬ 
fore, muft in thefe cafes have depended on fome further cir¬ 
cumftance than the mere want of reft... One that I fufpeCted 
is a fort of tremulation, rather agitating fmall portions of the 

* Kongl. Vetenlk. Acad. Handlingar, Vol. XXX. p. 103. 105. 
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water feparately, than moving the whole together. I have 
found, that firiking the bottom of the tumbler againfl a board 
would produce inflant congelation, when flirring the water, or 
fliaking the tumbler in the hand, would have no effedt. In 
like manner, when in flirring the cooled water the quill, or 
flick of glafs, employed for that purpofe, flrikes againfl the 
fide or bottom of the tumbler, the water, which had refilled 
the general ftirring, is often by this percuffion made to freeze. 
The fame effect is produced, and with lefs uncertainty, if the 
quill, 6r flick of glafs, be rubbed, and as it were ground, 
againfl the fide of the tumbler. But of all fuch methods 
of bringing on the congelation, that which I have found 
to fail the feldomefl, is to rub a bit of wax againfl the 
fide of the tumbler under the water; a particular roughnefs 
in the motion is felt, with fome found, approaching to a 
mufical tremulation, and a cruft of ice is immediately 
perceived under the wax upon the glafs. This effedTof the 
wax I take to be mechanical, depending on its particular flate 
of confiftenee. Wood adts in the fame manner, though with 
lefs certainty; fo does a quill, and likewife glafs; but the 
latter, being very hard, produces the effedt with leaft certainty. 
It is a mechanical; adlion upon the water in contadl with the 
rubbing fubflance and the glafs: for if the outfide of the 
tumbler, or any part of the infide above the water* be rubbed, 
even if it be wet fo as to communicate a fimilar feeling of 
tremulation, yet flill the congelation is not produced. 

All thefe modes of bringing on the congelation fucceed beft, 
as might be expedled, in proportion as the Water is more cooled 
below the freezing point. Unlefs the cooling amount to four 
or five degrees, the fridlion with wax is often in vain.- 
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From the above-mentioned fadts it appears, that M. 
Mairan’s pofition, though not deftitute of foundation, was 
enounced by him too generally, and without fufficient precifion. 
It is the natural property of water to bear to be cooled a certain 
number of degrees without freezing; reft favours this pro¬ 
perty negatively, by giving it no interruption ; but moft kinds 
of agitation interfere with its operation to a greater or lefs de¬ 
gree, and fome perhaps would prevent it altogether; whilft 
others affedt it fo. little, as not to fuperinduce the congelation, 
even when the cooling is brought within one degree of the 
greateft that the water will bear. 

Whatever be the efFedt of agitation, there is another caufe 
which much more powerfully haftens the congelation of water. 
It has been long known, that when water is cooled below its 
freezing point, the contact of the leaft particle of ice will in- 
ftantly make it congeal, the glacial cryftals (hooting all 
through the liquor, from the fpot where the ice touches it, till 
the whole comes up to the freezing point. Few experiments 
of the minute kind afford a more ftriking fpedtacle than this, 
efpecially when the water has been cooled nearly as much as pof- 
fible below the freezing point; both from the beautiful manner 
in which the cryftals (hoot through it, and the rapidity with 
which the mercury in the thermometer immerfed in it runs up 
through a fpace of ioor n degrees, flopping and fixing always 
at 32 in pure water. If from any circumftance, however, as a 
lefs cooling, or the addition of a fait, the (hooting of the ice 
proceed more (lowly, the thermometer will often remain be¬ 
low the freezing point even after there is much ice in the 
liquor; and does not rife rapidly, or to its due height, till fome 
of the ice is formed clofe to its bulb; which exemplifies the 
3 evolution 
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evolution of the latent heat from the very particles that 
congeal. 

Many of the circumdanCes attending the greater or lefs 
cooling of water below its freezing point depend upon this 
principle. In a calm day, when the temperature of the air 
was about 20% I expofed two vedels with diddled water to 
the cold; one of them was (lightly covered with paper, the 
other was left open : the former bore to be cooled many 
degrees below the freezing point, whild a cruft of ice 
always formed on the furface of the other before the thermo- 
meter immerfed in the middle of it came to the freezing 
point. This phenomenon, which other obfervers have re¬ 
marked without being able to account for it, appears to me 
clearly owing to frozen particles, which in frofty weather are 
almod always floating about in the air, often perceptibly to the 
fenfes. They come mod commonly either from clouds palling 
over head, or from fnow or hoar-frod lying upon the earth; 
and when they touch the cooled furface of the water, in dandy 
make it freeze. That the effeft does not depend limply on 
the contact of cold air, is plain from the following experiment. 
I expofed to the cold a glafs jar, with fome diddled water, and 
placed in it two thermometers ; one immerfed in the water, 
the other fufpended a little above its furface, in the empty part 
of the jar. The latter funk fader than the former; but after 
a certain time, the thermometer above the furface was at 25 0 , 
and that in the water at zfi, yet the water continued un¬ 
frozen. I perceive too by M. Wilcice’s- experiments-,, that 
in much more intenfe cold than we ufually experience in this 
country, vedels of water danding within doors in a laboratory 
are often cooled fo far below the freezing point as to become 
almod full of ice upon being made to Ihoot, though the 
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furface of the water be in no wife defended from the cold air 
of the laboratory. Oil fpread over the furface of water has 
been found to prevent it from freezing, when other water 
fitnilarly expofed has had a cruft of ice formed upon it. This 
I afcribe entirely to the prevention of frozen particles from 
coming in contact with the water: for in experiments with fri¬ 
gorific mixtures, in a room of moderate temperature, I do not 
find that oil on the furface has any fenfible effeffc in enabling 
water to fupport more cold, unlefs, indeed, where the opera¬ 
tion is otherwife too much precipitated. Alfo a crack in the 
tumbler containing the water prevents it from cooling below 
the point of congelation, a thin film of ice infinuatiog itfelfi 
through the crack into contadl with the water. And often, in 
experiments with frigorific mixtures, the congelation is brought 
on by railing the immerfed thermometer a little out of the 
water, and lowering it down again; fome of the adhering 
water having frozen upon its ftem. 

Several other circumftances, though not fo diftindly afcer- 
tained as the preceding, appear to facilitate the congelation of 
cooled water. For inftance, in experiments with frigorific mix¬ 
tures, if the cold be very intenfe, the water freezes almoft 
immediately round the fides of the veffel, as if fomething 
depended on too fudden a change of temperature. Accord¬ 
ingly, the only way of infuring the greateft degree of cold in 
water without freezing, is to cool it in a very gradual manner, 
keeping the cold of the frigorific mixture regularly only two 
or three degrees below that of the water. Sudden cooling, there¬ 
fore, may be confidered as one of the caufes which haften conge¬ 
lation. No doubt this will fometimes depend on l'uch a cold as 
water cannot refift without freezing, being propagated through 
the glafs to the neareft part of the water, quicker than it can 

be 



cooling of Water below its freezing Point. igy 

be diftributed to the reft of the water; but, I think, the 
above-mentioned effedt takes place when no part of the fluid 
can be fuppofed to be many degrees below the freezing point. 

It has been alledged, that metal in contadl, either with the 
outfide of the veflel containing the water, or with the water 
itfelf, difpofes it to freeze fooner after it is cooled below 32°. 
Though upon repeating this experiment I have found it poflible 
to cool water in a metal veflel many degrees below its freezing 
point, and even to touch it, when fo cooled, with metal 
equally cold, without producing congelation; yet the metal 
certainly tends to haften the freezing, and, I believe, on the 
above-mentioned principle of too quick a change of tempera¬ 
ture, occafioned by its quality as a good conductor of heat. 
For the fame reafon it is more difficult to cool water much 
below the freezing point in thin veflels than in thofe whole 
bottom and tides are of confiderable thicknefs; the latter 
tranfmitting the heat more (lowly, and allowing it thereby to 
be diffufed more equably. 

In cooling water below its freezing point by frigorific mix¬ 
tures, it is of confequence to keep the mixture fome way 
below the upper edge of the water within the tumbler, other- 
wife the congelation quickly begins at that place. This very 
likely depends on the principle laft mentioned, that the thin 
edge of water riling up againft the fide of the glafs, being 
more in contact with air than with the general mafs of water, 
does not fo eafily diftribute its cold, and therefore fuffers a more 
rapid change of temperature by the action of the mixture. 
Hence one of the moft eflentialprecautions for cooling water 
to the utmoft without congelation, is to perform the experi¬ 
ment in a warm room, that the air in contact with the edges 
Vol. LXXVIII. T and 
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and furface of the water may prevent their fudden cooling. 
And one of the moft convenient veffels for the purpofe is a 
round body terminating in a neck, the body to be furrounded 
with the frigorific mixture, whilfl the water in the neck is 
kept above the freezing point. 

Thefe are the principal fadts with which my experiments 
have furnifhed me relative to the cooling of water below its 
point of congelation. I fee no general circumftance that ap¬ 
plies to them all. Atone time I thought that much depended 
on reducing the water into thin plates; an idea which was 
principally fuggefted by the mote ready congelation of the 
edges of the Water Where it fifes up as a thin film on the fides, 
and by the effedt of extraneous fubflances floating in the water 
to haflen its freezing, which might be fuppofed frequently in 
their motions to intercept fmall portions of the fluid, and form 
it into thin plates. Agitation likewife might a£f by reducing 
the water in fome part or another into fimilar plates. And as 
water impregnated with air appeared lefs capable of being 
cooled than the fame water deprived of its air, it feemed not 
impoflible that the air might adt likewife by producing thin 
plates ill different parts of the fluid. With a view to this hy- 
pothefis I made feveral experiments. Into a tumbler with 
diftilled water I put a quantity of fand, which fettled loofely 
to the bottom, and left the water above as tranfparent as be¬ 
fore. This tumbler being placed in the frigorific mixture, 
the water bore to be cooled as well as it had done without this 
addition. Laying thin bits of glafs upon one another at the 
bottom of the tumbler, in place of the fand, I found no dif¬ 
ference in the effedl. By this latter experiment it was more¬ 
over proved, that points in the water do not perceptibly facili¬ 
tate its cryflallifation into ice* Now the thin plates or wedges 
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of water, which muft be intercepted by the bits of fand or 
glafs, feem very analogous to fuch as may be produced by 
floating particles of extraneous matter; and therefore the effedt 
of the latter is probably to be afcribed to fome other caufe, 
fuch as hafteni'ng the cooling, or rendering it lefs uniform, or, 
perhaps, communicating motion to the fluid. 

In the precedinginftances, however, the water maybe con- 
fidered as conftituiing, by its adhefion, a fort of continued 
body with the fubftance it touches ; and it might be fuppofed 
that, if one or both furfaces of the thin plate were in contact 
with air only, the congelation would take place. I therefore 
put down fome air, retained by a fmall difh of wax, into the 
water to be cooled, and let it flay there till the whole was 
reduced many degrees below the freezing point; but no conge¬ 
lation enfued : I then contrived to turn up the difh of wax in 
the water, fo that the air it had carried down, efcaping from 
under it, afcended as a bubble to the top of the water, and 
there burft: ftill the water retained its fluidity, notwithftanding 
the contaft of a loofe bubble of fuch cold air, and the motion 
produced by its explofion on the furface. In other experiments, 
I have indeed feen the burfting of a bubble on the furface ap¬ 
parently bring on the congelation; but feemingly from the 
agitation it occafioned. And though a wetted furface, or a 
fmall thin portion of water, freeze in general more readily 
than a larger mafs, yet I have feen inftances of ajar cooled 
many degrees below the freezing point, and the water and air 
in it equally cold, which had, notwithftanding, upon its in- 
fide, from the furface of the water to an inch or more above 
it, an evident dew that remained quite fluid, and rendered the 
furface of the glafs wet. Under the fame circumftances alfo, l 
have raifed the thermometer out of the cooled water, without 
occafioning any congelation in the adhering thin film of that 
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fluid. Thefe faCts, though they do not fhew but that a film of 
water, in contact on both fides with air below its freezing 
point, would at once congeal, yet, I think, are fufficient to 
prove, that its formation into thin plates is not a general caule 
of its early freezing. 

From a confideration of the above-mentioned caufes of 
freezing, and their various exceptions, I am led to think, that 
the matter in queftion depends upon fome circumftance of the 
more intimate nature or compofition of the water; for in- 
ftance, the arrangement, attractions, and perhaps fhape, of 
its particles. If we fuppofe the particles of water to poflefs a 
kind of polarity, that is, to have particular attracting points 
or furfaces, properly arranged, not only its cryflallifation in 
regular angles, but likewife molt of the above-mentioned phae- 
nomena, admit of fome kind of explanation. For latent heat, 
be it a matter or motion, may be confidered as a caufe either 
lefiening the power or impeding the operation of this polarity; 
the effeCt of which is gradually diminilhed by external cold, 
till at length the polarity entirely overcomes the refinance it 
occafions, and the attracting, points or furfaces rufh together. 
Whatever tends, therefore, to bring thefe particles into a Hate 
more advantageous for their junction, as by prefenting their 
attracting furfaces more direCtly to one another, forcing them 
nearer together, or removing attractions of a contrary ten¬ 
dency, and allowing the particles free fcope to follow the im- 
pulfe of their polarity, muff tend to haften the congelation. 
When particles of water, already frozen, are prefented to 
other fluid water of a proper degree of coldnefs, not only the 
attracting furfaces will be in the molt favourable pofition from 
the arrangement they have taken in the freezing, but very 
poffibly their power may be ftronger from their union with 
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one another; and hence fuch water is inftantly brought to 
freeze. Indeed it is this circumftance which conflitutes the 
freezing point; for that point is evidently nothing elfe but 
the degree of cold which renders the particles of any fluid 
incapable of refilling the attractive power of other particles of 
the fame fluid, already reduced into a folid form: and the faCl, 
that the cold of the freezing point is lefs than the fluid will 
otherwife bear, feems a proof that when the particles have 
acquired this arrangement of folidity, their attractive powers 
are the ftrongefl ; fo that the difference between the freezing 
point, and the greateft cold the fluid will bear, may be con fi¬ 
de red as the meafure of this additional attractive force. 

Agitation may be eaflly conceived, by the various motions 
impreffed upon the particles, to occafion fume of them to apply 
their polar points in a more advantageous polition, or even to 
force them nearer together; andthefe effeCts are more likely to 
be produced by an intimate agitation, than by a general motion 
of the whole mafs. The want of traofparency, in certain 
cafes, as in fome folutions of falts, feems not owing to the 
prefence of foreign matters; but rather to depend upon a par¬ 
ticular arrangement of the combined particles, which may 
difpofe thofe of the water to join more readily, and detach thofe 
of the fait. Extraneous fubftances, befides their indireCt 
effeCt, may, by various chances attending their floating in the 
water, throw the particles into favourable fituations ; and if 
thin plates are more difpofed to freeze, it may be, that the 
particles of water in fuch are more free from counteracting 
attractions. 

Sudden cooling may promote congelation limply by occa¬ 
sioning the water at the bottom and fides of the veflel to ac¬ 
quire a greater degree of cold than the reft. But perhaps it 
may have alfo another effeCt, admitting of a particular expla¬ 
nation. 
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nation. Water in freezing undergoes a confiderable expanfion. 
This may be afcribed to fuch a form of its particles, andpofi- 
tion of their poles, as {hall make them, when touching and 
adhering by thofe poles alone, intercept very large interftices, 
which may be confidered as the pores of the ice. Various pofi- 
tions of the poles and figures of the particles may be con¬ 
ceived, which Ihould caufe them to occupy more fpace, when 
touching in certain points only, than they filled when lying 
near without any contaft. But in whatever way the expan- 
fion is produced, experiment hath faewn that it begins fome 
time before congelation ; fo that when water is cooled down 
to 32°, it is already fenfibly expanded; and if the congelation 
does not take place here, this expanfion augments, in pro¬ 
portion as the water is further cooled*. The expanfion, 
therefore, being fo evidently an approach to freezing, may 
be confidered as an indication that the polarity already pre¬ 
vails fo far as to draw the particles fomewhat out of the 
fituationthey naturally affumein the higher temperatures. And 
it is conceivable, that if this operation go on very quick, and 
the confequent change of pofition in the particles be made with 
fome degree of velocity, they may acquire a fmall momentum 
of motion, enabling them to overcome a refiftance which 
would otherwife prevent their junction. 

* In experiments where the water has cooled much below its freezing point, 
I have feen the expanfion fo great as to bear a confiderable proportion to the 
whole expanfion produced by freezing, which laft, I believe, is more than one-* 
feventh of the volume of the water. It feemed to me as if the expanfion proceeded 
in an increafing ratio, being much greater upon the laft degrees of cooling than it 
was upon the firft. The difficulty of procuring a proper apparatus for thefe experi¬ 
ments has hitherto prevented me from afcertaining the quantities with precifion. 
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As chemical combinations all depend upon attractions be¬ 
tween the fubftances which unite, it is not difficult to conceive, 
that a. particle of fait, an acid, or the like, may attraCt a particle 
of water in fuch a manner as (hall oppofe or diminilh its attrac¬ 
tion for the other particles of water. Hence the polarity may 
be fo much weakened, as not to bear the fame proportion to the 
refilling power of the latent heat, till this alfo is'diminilhed 
by a greater degree of cold, which conftitutes the new freez¬ 
ing point. But when, by increafing the cold, all the powers 
are reduced to a fimilar Hate of equilibrium, exactly the fame 
phaenomena take place as belong to the natural freezing point 
of the water. 

To affill the conception, I have here reafoned upon the par¬ 
ticles of water as folid, and of a determinate lhape. But it 
feems moll probable, that the particles of matter in general 
are nothing more than centres to certain attractive and repul- 
live powers; on which hypothefis it ma f be underftood, that if 
two or more \of thefe central points are brought much within 
the limits of their refpeCtive attractions and repulfions, thefe 
powers wjll no longer be equal at equal diftances from their 
common centre. Now fuch a combination of central points 
may be Confidered as one particle of any particular matter; 
and the unequal diftances from the common centre at which 
the attractions and repulfions are equal will define what may 
be called the fhape of that particle. And if, at equal diftances,. 
the attraction or repulfion is much greater at one point than at 
another, that will conftitute a polarity. 

The greateft cold I have been able to make water acquire 
without freezing, is near 12 degrees of Fahrenheit’s fcale 
below its common' freezing point. Some diftilled water was. 
boiled about a quarter of an hour in a tin cup, and placed in. 
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the fame veftel, whilft ftill warm, in the frigorific mixture. The 
mixture was made to aft very flowly, fo that the operation con¬ 
tinued more than an hour. When the immerfed thermometer 
had funk to 20°f, the water was ftill fluid: I then fhook it 
confiderably, but no ice formed. After waiting fome time, 
and finding the thermometer would fink no lower, becaufe by 
the length of the procefs the fnow of the mixture was almofl: 
confumed, I added fome frefh materials, which could not be 
done without fhaking the tin cup. Still, however, the 
water did not freeze inftantly, though it {hot as foon after 
as it can be fuppofed to have felt the influence of the new 
frigorific mixture. When this water was cooled to 24 0 , I 
tried the temperature of the air near its furface, and found 
it 34 0 or 35 0 , the experiment being performed in a room with 
a fire. 

Another time I cooled fome diftilled water, covered with 
oil, below 2i°, by fimilar precautions. 

This, however, is by no means the greateft cooling of 
which water is fufceptible. In Fahrenheit’s experiment, 
with an exhaufted globe half full of boiled rain water, it 
feems to have been cooled to 15 0 *. M. de Luc likewile in¬ 
forms us, + that having filled a thermometer with fome water 
he had purged of air by the means defcribed in his great work 
upon the atmofphere, he expofed it to a cold which funk a mer¬ 
curial thermometer to i4° of Fahrenheit’s fcale. The water 
in the thermometer continued tranfparent, and upon breaking 
the ball was found to be liquid, but froze that inftant. In 
fome of my experiments too with mixtures of nitrous acid 
and water, the liquor bore to be cooled as much as 13 degrees 

* Philofophical Tranfaaions, Vol. XXXIII. p. 81. 

4* Idees far la Meteorologie, Tom, II. p. 105. 
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below Its new freezing point; and it has been already ob- 
ferved, that the addition of an acid always expelled much air from 
the water. It is not improbable, therefore, that if water 
could be thoroughly purged of air, it would readily bear to be 
cooled 18 degrees, or more, below its freezing point, without 
congelation ; though the deprivation' of air, obtained by boil¬ 
ing it, is fuch only as will barely enable it to admit a cooling 
of J 2 degrees. 

Other fluids may bear to be cooled much more below their 
proper point of confolidation. This is evidently the cafe in 
what Mr. Cavendish calls * the fpirituous congelation of 
acids. Mr. M c Nab’s nitrous acid bore to be cooled from 30 
to near 40 degrees below its freezing point + ; and Mr. Keir’s 
vitriolic acid at the flrength of eafiefl: freezing continued fluid 
at 29 0 , though its heat became 46T when it began to congeal];. 
How low quickfilver may be cooled has not yet been afcer- 
tained, but probably many degrees below — 40°. 

So many of the above-mentioned fads were obferved in the 
year 1783, that I then ventured to remark, that “ inde- 
“ pendently of thefe circumftances, neither ftirring, agita- 
** tion, a current of freflh air on the fur face, nor the con- 
“ tad of any extraneous body not colder, would [neceffa- 
ii rilyjj caufe the water to fhoot into ice, notwithftanding the 
“ repeated affertions of authors to the contrary **.” Similar ex¬ 
periments, made in the courfe of the fucceeding winters, have 
confirmed in general the former refults, and furnifhed the 
materials of the preceding (heets. I am very fenfible, that the 

* Philofophical Tranfaftions, Vol. LXXVI. p. 261. 

f Ibid. p. 252. 

% Ibid. Vol. LXXVII. p. 279. 

** Ibid. Vol. LXXIII. p. 358. 
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fubjeft ftill remains involved in great obfcurity; nor fhould I 
have troubled the Society with an account of experiments 
which leave fo much uncertainty, had I not thought that they 
tended to elucidate a few points, and to correct fome erroneous 
opinions. I hope that perfons inhabiting a climate more ad¬ 
vantageous for the purpofe, will be induced to undertake fuch 
experiments in another, and probably a more fuccefsful way, by 
expofure to natural cold. 



